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METHOD AND USE OF AGENTS TO INHIBIT PROTEIN 
POLYMERIZATION AND METHODS OF IDENTIFYING THESE AGENTS 

Introduction 

5 This invention was made in the course of research supported by the National 

Institutes of Health. The U.S. Government may have certain rights in the invention. 

Background of the Invention 

Protein aggregation and the formation of proteinaceous clots or plaque c the 
10 body have been implicated in several disease states. Perhaps the most studied 

proteinaceous polymer is the fibrin clot. Fibrinogen is an inactive protein normally 
present in the plasma. Thrombin and certain coagulation factors cause fibrinogen to 
be activated and become fibrin. Fibrin is the substance of blood clots. It is a fibrous 
protein that forms a polymeric mesh-work over an injured area. The fibrin aggregates 
15 become cross-linked by Factor XIII, which is a member of the class of enzymes called 
transglutaminase. Plasmin, a proteolytic enzyme, gradually dissol lway the clot as 
tissue repair is taking place. While fibrinogen is an important com*, nent in 
hemostasis, the uncontrolled or abnormal formation of these proteinaceous clots can 
lead to serious thrombotic and embolic problems, and even death from heart attack or 
20 stroke. 

Aspirin therapy has been associated with significant clinical antithrombotic 
effects in certain arterial thromboembolic disorders. It is generally thought that the 
antithrombotic effect of aspirin is due to O-acetylation by aspirin of active site serine 
in the platelet enzyme cyclooxygenase. However, aspirin has also been reported to 

25 have fibrinolytic and hypoprothrombinemic effects. Several possible mechanisms 
underlying the enhanced fibrinolysis resulting from aspirin administration have been 
suggested. Studies designed to investigate these mechanisms were performed by 
Bjornsson T.D., et al. and reported in 7. Pharmacol and Exp. Therap. 1989, 
250(1):154. In experiments with 14 C acetyl-labeled aspirin and fibrinogen, it was 

30 found that fibrinogen is acetylated by aspirin to form e-N-acetyl-lysine on both D and 
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E domains of the molecule and on the a, (J, and y chains of the molecule. The 
relationship of this finding to the fibrinolytic effects of aspirin was not understood, 
however, it was suggested that altered binding resulting from the acetylation or a 
decrease in the number of Factor XHI-induced cross-links between adjacent fibrin 
5 molecules could be responsible. The use of aspirin as an antithrombotic agent is 
associated with significant gastrointestinal side effects including gastric erosion and 
occult blood loss. 

Amyloid (3-peptide is another protein which has been shown to aggregate or 
polymerize in the body. Deposition in brain tissue of amyloid (3-peptide to form 

10 neuritic plaques represents an important component of the pathogenesis of 

Alzheimer's disease. These deposits have been shown to consist in part of insoluble 
aggregates of the amyloid |J-peptide. 

It has now been found that polymerization of target proteins such as fibrinogen 
or amyloid P-peptide is inhibited by contacting the target proteins with a compound 

15 capable of inhibiting aggregation and subsequent transglutaminase-induced cross- 
linking of adjacent peptides of the target proteins. This inhibition of polymerization 
of target proteins such as fibrinogen and amyloid ^-peptide results in the formation of 
smaller polymers which are less stable. This method and the provided compounds are 
useful in any situation in which protein aggregation is problematic, i.e., the prevention 

20 of blood clotting. These compounds can be used as effective antithrombotic agents or 
drugs in the treatment of Alzheimer's disease. 

Summary of the Invention 

An object of the present invention is to provide a method of inhibiting 
25 polymerization of target proteins which comprises contacting target proteins with an 
effective amount of a compound capable of inhibiting aggregation and subsequent 
transglutaminase-induced cross-linking of adjacent peptides of the target proteins. 

Another object of the present invention is to provide uses for these compounds 
including use as antithrombotic drugs, drugs in the treatment of Alzheimer's disease, 
30 and other diseases caused by amyloidosis or protein polymerization. 

Another object of the present invention is to provide a method of screening 
and identifying compounds capable of inhibiting aggregation and subsequent 
transglutaminase-induced crosslinking of adjacent peptides. 

35 Brief Description of the Figures 

Figure 1 is a bar graph showing the percent inhibition of transglutaminase- 
induced cross-linking of amyloid ({-peptide following preincubation with compounds 
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1 through 8 and compounds S 1 through S3 for 6 hours. Aspirin (ASA) was also 
preincubated for comparison. 

Figure 2 is a bar graph showing the thrombin times following incubation with 
a compounds 1 through 8 for 10 minutes and 6 hours and compounds SI through S3 
5 for 10 minutes and 1 .5 hours. Aspirin (ASA) was also incubated for comparison. 
n^frH n^pription of the Invention 

Transglutaminase-induced cross-linking forms cross-links between lysyl and 
glutamyl residues on adjacent peptides. More specifically, transglutaminases catalyze 
Ca 2+ -dependent acyl transfer reactions between y-caiboxamide groups of peptide- 
10 bound glutamine residues, which serve as acyl donors, and various primary amines, 
resulting in new y-amides of glutamic acid and ammonia. The most common acyl 
acceptor substrates involve e-amino groups of peptide-bound lysyl residues and the 
primary amino groups of polyamines. The involvement of lysyl residues results in the 
formation of e-(Y-glutamine)lysine cross-links, which are found in a variety of tissues. 
15 An example of such cross-links is the Factor XHI-induced cross-link formation of 
fibrin clots in the blood. Transglutaminases are present in various tissues, cells, and 
fluids, including endothelial and glial cells, hepatocytes, and blood. 

It has now been found that inhibition of transglutaminase-induced cross- 
linking inhibits polymerization of many proteins. Inhibition of this cross-linking can 
20 be achieved by acetylation of lysyl residues of adjacent peptides which form these 
cross-links. Inhibition of the cross-linking ultimately results in inhibition of 
polymerization, formation of smaller polymers and, in the case of fibrin clots, more 
readily digestable polymers. In the present invention, a method is provided for 
inhibiting polymerization of target proteins which comprises contacting target proteins 
25 with an effective amount of a compound capable of inhibiting transglutaminase- 
induced cross linking of adjacent peptides of the target proteins. Methods are also 
provided in the present invention for screening and identifying compounds capable of 
inhibiting transglutaminase-induced cross linking of adjacent peptides. For the 
purposes of this invention the term "target protein" refers to any protein which can 
30 undergo aggregation and subsequent transglutaminase-induced cross-linking 

polymerization. Examples of target proteins include, but are not limited to, fibrinogen 
and amyloid p-peptide. In experiments wherein synthetic amyloid p-peptide (APi_4q) 
was incubated with transglutaminase, synthetic Api_4o formed dimers (A2), tetramers 
(A4), pentamers (A5) and hexamers (A6). Inhibition of transglutaminase-induced 
35 cross-linking of target proteins by acetylation of the adjacent peptides of the target 
proteins, results in decreased transglutaminase-induced cross-linking. The term 
"effective amount" refers to a concentration of a compound which results in a 
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wherein 

R is selected from a group consisting of OH and OCOCH3; 

Rj is selected from a group consisting of COOH and CH2OCOCH3; 

R2 and R3 are selected from a group consisting of H, OH and OCOCH3; and 

R4 is selected from a group consisting of OH, OCOCH3, NH2 and NHCOCH3, with 

the proviso that R2 and R3 are different and one of R2 or R3 is H. Amino acid 

derivatives having at least one acetyl group are exemplified by compounds of Formula 

Oil): 

H 2 N — CH (CH 2 )m— COOH 



(HCOR)n 



10 



OR 



(HI), and 



Formula (IV): 



H 2 N — CH (CH 2 )m— COOH 

(HCOR)n 

1 

^R 




(IV), 
wherein 

15 m is a number from 0 to 10; 
n is a number from 0 to 10; and 

R is selected from a group consisting of H, OH or OCOCH3. 

Compounds or agents containing at least one acetyl group can be used in any 
application where formation of proteinaceous clots is problematic, i.e. for prevention 
20 of blood clotting. In addition the compounds can be used therapeutically to inhibit 
polymerization of target proteins such as fibrinogen and amyloid ^-peptide. For 
example, compounds in the present invention can be used as antithrombotic agents or 
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Preferably the composition is in unit dose form. Doses can be easily 
ascertained by one of skill in the art in accordance with a patient's age, weight and 
other determined parameters. 

These compounds and others were identified as capable of inhibiting 

5 transglutaminase-induced cross-linking of peptides with the screening method of the 
present invention. The present invention provides a method by which to quantitate 
pharmacologic inhibition of transglutaminase-induced cross-linking of amyloid p 
peptide. In this method, potential inhibitors of the transglutaminase-induced cross- 
linking of amyloid p peptide are co-incubated with synthetic 40-amino acid human 

10 amyloid p peptide (Api_4o) and guinea pig liver transglutaminase. After the 
incubation, a mixture of sodium dodecyl sulfate (SDS), urea, glycerol and p- 
mercaptoethanol is added to each sample and incubated for several hours. The 
samples are then boiled and loaded onto individual lanes of an SDS polyacrylamide 
gel, separated, stained with Coomassie blue and the resultant protein bands 

15 quantitated. The percent inhibition of transglutaminase-induced cross-linking is 
determined by correcting for the amount of non-crpss-linked Api.40 in control 
samples incubated without any test compounds. Initially, the densitometric values for 
the nonpolymerized monomer (Ai), and for the cross-linked dimer (A2), and the 
polymers, tetramer (A4), pentamer (A5), and hexamer (Ag), were normalized to 

20 fractions of unity assigned to the sum of the readings for the individualized bands. 
Subsequently, the percent inhibition was derived using the normalized values for the 
control and treated samples; the latter are identified by an asterisk. Percent inhibition 
is determined by: 

25 Percent Inhibition (%) = [!-( A n /A n *)]x 100 

where A n and A n * are the sums of normalized polymer bands (dimer, tetramer, 
pentamer, hexamer or any higher detectable polymers) in treated and nontreated 
samples, respectively. Concentration versus percent inhibition curves after 

30 pharmacologic inhibition of transglutaminase-induced cross-linking of amyloid P 
peptide can then be constructed. This method has the advantage that potential 
variation in the total amounts of amyloid polymers added to each lane on the gel do 
not affect the analysis, since the distribution of individual band intensities within each 
lane is normalized to unity. This allows the subtraction of the amount of the 

35 nonpolymerized amyloid p peptide in a control sample from that in a treated sample. 
This method provides a meaningful comparison of the inhibitory potential across 
different pharmacologic inhibitors of transglutaminase-induced amyloid P peptide 
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Example 2: Time course experiments 
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Polymer formation was determined as described in Example 1. Maximum polymer 
formation was observed after 50 fig/ml transglutaminase and after 4 hours incubation. 

Example 3: Human Factor XIII incubations 

5 In separate experiments, transglutaminase was replaced by human Factor XIII 

(50 and 250 pg/ml) which had been pretreated with bovine thrombin (10 NIH U/ml) 
in the presence of CaCl2 (5 mM) at 37°C for 1 hour. Incubation with activated Factor 
Xin only resulted in limited A2 formation . 

10 Example 4: Effects of compounds on amyloid (5-peptide as measured by percent 
inhibition of transglutaminase-induced cross-linking 

Compounds 1 through 8 and SI through S3 (shown in Table 1 following) were 
dissolved in 0.15 M NaCI, 0.01 M sodium citrate, pH 7.4, to produce standard 
solutions of 50 mM and were incubated with synthetic amyloid (i-peptide (0.33 

15 mg/ml) in final concentration of 2.5. 5.0 and 10 mM at 22°C for 6 hours. The 

amyloid P-peptide containing samples were then incubated at 22°C with guinea pig 
liver transglutaminase (50 iig/ml) in 50 mM Tris-HCl, pH 7.4, containing 25 mM 
CaCl2 and 15 mM dithiothreitol, in a total volume of 75 ill. A number of different 
pharmacologic agents known tc either inhibit transglutaminase or have some 

20 therapeutic activity in Alzheimer's disease or compounds related to such agents were 
also co-incubated with these reactants under the same conditions. These were the 
transglutaminase inhibitors dansylcadaverine (0.0001 to 2 mM) and spermine (1 and 
10 mM, the non-steroidal anti-inflammatory agents indomethacin (0.25 to 4 mM), 
diflunisal (1 and 10 mM), meclofenamic acid (0.5 to 5 mM), and salicylic acid (1 and 

25 10 mM), the monamine oxidase inhibitors tranylcypromine (0.25 to 10 mM) and 

phenelzine (1 and 10 mM), the iron chelating agent deferoxamine (1 to 10 mM), and 
the acetylcholinesterase inhibitor tacrine (1 to 20 mM). After the incubation, a 75 pi 
mixture of sodium dodecyl sulfate (SDS; 4%), urea (2M), and mercaptoethanol (5%) 
was added, mixed and incubated at 37°C for 10 hours. After boiling, 40 ill aliquots 

30 were loaded onto SDS polyacrylamide gels as described in Example 1 and polymer 
formation was determined. 

In the untreated samples, in addition to the monomer band, there were cross- 
linked polymer bands of the amyloid p-peptide (dimers, tetramers, pentamers, 
hexamers or any higher detectable polymers). Percent inhibition was computed using 

35 the expression: 

Percent Inhibition (%) = [l-(A n /A n *)] x 100 
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where A n and A n * are the sums of normalized polymer bands (dimers, tetramers 
pentamers, hexamers or any higher detectable polymers) in treated and nominated 
samples, respectively. 

Figure 1 shows the percent inhibition of transglutaminase-induced cross- 
linking of amyloid 0-peptide following preincubation with compounds 1 through 8 
and SI through S3. All compounds had inhibiting effects on transglutaminase- 
induced cross-linking of the 0-peptide, with the exception of compound 5 The four 
most potent compounds were 2, 6, 7 and 8. Of the known pharmacologic agents 
tested, the most potent were the standard transglutaminase inhibitor dansylcadaverine 
with an IC 50 of 40.9 uM, and monamine oxidase inhibitor tranylpromine, with an 
IC 50 of 100.8 UM Other agents were found to have considerable inhibitory activity 
with approximate 50% inhibition between 1 and 10 mM, i.e., indomethacin ' 
meclofenamic acid, diflunisal, phenelzine, spermine and deferoxamine. The 
acetylcholinesterase inhibitor tacrine had an IC 50 of 67.31 mM. Salicylic acid was 
ineffective in this assay. 

Example 5: Effects of compounds containing at least one acetyl group on 
fibrinogen as measured by thrombin time 

The compounds in Table 1 following were dissolved as described in Example 
4. They were then added to a human fibrinogen solution (1.5 mg/mi in 0.15 M NaCl 
0.01 M sodium citrate, pH 7.4) to yield a final concentration of 5 mM. The samples ' 
containing compounds 1 through 8 were incubated at 37°C for 10 minutes and 6 
hours. The samples containing compounds SI through S3 were incubated at 37°C for 
10 minutes and 1.5 hours. After incubation thrombin nines were determined. The 
thrombin time determinations were performed using standard methods, involving 
mixing, and then incubating 100 ul of the fibrinogen solution (with the different 
compounds) and 100 uJ of imidazole-buffered saline (0.15 NaCl, 0.045 M imidazole 
pH 7.4) at 37°C for 5 minutes. After incubation 100 pi of bovine thrombin solution ' 
(10 NIH units in 0. 15 NaCl. 0.01 M sodium citrate, pH 7.4) was added to initiate the 
coagulation process. The thrombin time was measured with a fibrometer coagulation 
timer. Each compound in Table 1 was tested in duplicate and the results averaged. 

Figure 2 shows the thrombin times for compounds 1 through 8 and compounds 
SI through S3. Compounds SI through S3 all caused thrombin times >200 seconds 
following a 6 hour incubation. Following a 1 .5 hour incubation compounds S2 and 
S3 caused thrombin times >200, however, compound SI caused thrombin time of 92.8 
sec. The six most potent compounds were compounds 1, 2, 6 and 7 and compounds 
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S2 and S3. All compounds caused some prolongation in thrombin times after only 10 
minute incubations. 

Table 1: Compounds of Examples 4 and 5 



5 Compound N"™her Chemical Structure 

COOH 



Chemical Name 



cpa. i 



Cpd.2 



Cpd. 3 



Cpd.4 



10 Cpd. 5 



Cpd. 6 



OOCH 3 
O— OOCH3 



COOH 



Cpd. 7 




3,4-diacetoxybenzoic acid 



2,4-diacetoxybenzoic acid 



2,5-diacetoxybenzoic acid 



meta-acetoxybenzoic acid 



para-acetoxybenzoic acid 



3,5-diacetoxybenzoic acid 



2,3-diacetoxybenzoic acid 
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COOH 

CH,OC — 1 O — COCH 3 

XT 

Cpd. 8 2,6-diacetoxybenzoic acid 



Cpd. SI ortho-acetyl-thiosalicylic acid 




Cpd. S2 meta-acetyl-thiosalicyclic acid 



tj cog 1 

Cpd. S3 para-acetyl-thiosalicylic acid 



5 
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What is claimed is: 



1 . A method of inhibiting polymerization of target proteins comprising 
contacting target proteins with an effective amount of a compound capable of 

5 inhibiting aggregation and subsequent transglutaminase-induced cross-linking of 
adjacent peptides of the target proteins. 

2. The method of claim 1 wherein the compound contains at least one 
acetyl group. 



10 



3. The method of claim 2 wherein the compound is selected from a group 
consisting of Formula (I): 

:ooh 




(D, 

15 wherein 

R is selected from a group consisting of H, OH and OCOCH3, 

Formula (II): 




20 

wherein 

R is selected from a group consisting of OH and OCOCH3; 
Rl is selected from a group consisting of COOH and CH2OCOCH3; 
R2 and R3 are selected from a group consisting of H, OH and OCOCH3; and 
25 R4 is selected from a group consisting of OH, OCOCH3, NH2 and NHCOCH3, with 
the proviso that R2 and R3 are different and one of R2 or R3 is H; 
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H,N— CH (CH 2 )m-COOH 

(HCOR)n 

OR 

OH), and 

Formula (IV): 

H 2 N— CH (CH 2 )m-COOH 

(HCOR)n 



wherein ( IV )» 
m is a number from 0 to 10; 
n is a number from 0 to 1 0; and 
o R is selected from a group consisting of H, OH or OCOCH3. 
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